Background
Background
In the Olympic sport of taekwondo the incidence of concussion has been reported to be up to four times greater than that found in American football and other contact sports [1, 2] . A worldwide heightened awareness of the immediate dangers and long-term sequellae associated with sport-related concussions has led to the publication of consensus statements by the International Symposium on Concussion in Sport, the National Athletic Trainers' Association, and other medical groups to guide the clinical management of the athlete following concussion [3] [4] [5] [6] .
and Study Aim:
Concussion -a complex pathophysiological process that affects the brain, as induced by traumatic biomechanical forces.
Authors' Contribution:
Recently, greater responsibility has been placed on sports medicine practitioners with regard to the diagnosis and clinical management of sport-related concussions. In North America, only two studies have been published in the last decade with regard to the concussion assessment and management techniques practiced by athletic trainers 7, 8 . The first report [7] of concussion management practices among certified athletic trainers (n=339) identified clinical examination (33%) and symptoms checklists (15.3%) as the two most common assessment methods. In this 2001 survey, the Colorado Medical Society (CMS) guidelines (28%) were being used more frequently for concussion management than other sets of guidelines, e.g., American Academy of Neurology, Cantu Guidelines. A more recent study [8] of 927 athletic trainers in the United States confirmed that a variety of techniques were being used to assess concussions, specifically, clinical examination (95%), symptoms checklists (85%), and the Standardized Assessment of Concussion (SAC) test (48%). Although the percentages of athletic trainers using clinical examinations and symptoms checklists to diagnose concussions differed widely between these two studies, the common theme emerged that athletic trainers were using standardized methods of care for athletes who sustained concussions [8] .
In taekwondo, a martial art in which high velocity kicks [9, 10] to the head are an essential part of competition scoring, little is known about the concussion assessment and management protocols currently used by medical personnel at taekwondo tournaments. Therefore, the purpose of this study was to identify and compare the concussion assessment and management protocols used by medical personnel at elite taekwondo tournaments in the Republic of Korea (South Korea) and the United States. A secondary objective of this study was to gain further understanding of the medical qualifications and professional experience of personnel providing medical care at selected elite taekwondo tournaments.
Material and Methods
We administered questionnaires to a total of 18 taekwondo tournament medical personnel practicing in either South Korea (n=11) or the United States (n=7). This multi-year, cross-sectional, qualitative survey was conducted by administering questionnaires to medical personnel at three taekwondo tournaments in South Korea, specifically, at the 41 st National President's Taekwondo This study was approved for ethical adherence to the principles of the Declaration of Helsinki by the Institutional Review Board at Oregon State University (Corvallis, USA). Volunteers were given an oral description of the general scope of the study and all participants provided consent prior to administration of the questionnaire. Korean or English language versions of the questionnaire were provided to the participants as appropriate.
The questionnaire (Table 1 ) was designed to have participants quantify the extent of their personal experiences in providing medical care at taekwondo tournaments, as well as indicate the methods they currently used to assess and manage concussions. We employed frequency analysis and descriptive statistics to summarize the respondents' levels of professional experience in their respective medical fields, the number of years experience providing medical care at taekwondo tournaments, and the types of medical/allied health credential that the respondents held. Medical personnel were also asked to indicate whether they used any of 10 commonly used methods (Table 1) 
results
Four of the 11 Korean medical personnel surveyed (36%) held registered nursing credentials, while four were physical therapists (36%), and three (27%) were emergency medical technicians (Table 2 ). In comparison, the credentials of medical personnel at the 2008 U.S. National Taekwondo Championships included two physicians (MDs) (29%), two certified athletic trainers (29%), two emergency medical technicians (29%), and one physical therapist (14%) ( Table 2) .
Of the South Korean respondents, 55% (n=6) had less than one year of experience serving as a medical care provider at taekwondo tournaments, with 46% of the participants (n=5) indicating that the tournament in which this survey was conducted was the very first time he/she provided medical coverage at a taekwondo tournament (Table 3) . Five of seven (71%) American respondents indicated that they had more than five years experience serving as medical personnel at taekwondo tournaments, with four of seven reporting that they had greater than 10 years experience at national level taekwondo tournaments (Table 3) .
Six of the Korean medical personnel (55%) reported treating two or fewer concussions at taekwondo tournaments within the past year. Four of seven (57%) American medical personnel surveyed indicated they had provided care for an average of 15 concussions at taekwondo tournaments within the past year; the remaining medical staff provided care for an average of three concussions within the past year. All South Korean and American medical personnel reported using two or more concussion assessment protocols, e.g., symptoms checklist, clinical evaluation (Table 4) . local clinics, the educational competencies of nurses differ greatly from those for sports medicine clinicians, e.g., athletic trainers and physical therapists.
The International Council of Nurses defines nursing as:
"Nursing encompasses autonomous and collaborative care of individuals of all ages, families, groups and communities, sick or well and in all settings. Nursing includes the promotion of health, prevention of illness, and the care of ill, disabled and dying people [11] ."
This definition can further be understood through the curriculum of education outlined by the American Nurses Association that includes knowledge and skills related to adult acute and chronic diseases, maternal/child health, health assessment and pathophysiology [12] . It is understood that RNs may possess the ability to generally assess and treat acute musculoskeletal injuries in sport. However, utilization of medical professionals, e.g., physicians, athletic trainers physical therapists, who are specialists in the diagnosis and treatment of orthopedic injuries, as well as in the assessment and management of neurological injuries (concussions), must be taken into account by taekwondo governing bodies.
The need for specialized care for the concussed taekwondo athlete can be demonstrated through the responses received from the medical personnel sampled in our study. More than half (55%) of South Korean medical personnel reported that they treated less than two concussions per year. This small number may be a reflection of their medical knowledge of the diagnosis and clinical management of concussions, their relative inexperience in treating taekwondo athletes, or both. Forty-six percent of the South Korean medical personnel surveyed were first-time medical attendees at taekwondo events, and more than half of these medical providers (55%) had less than one year of experience with elite taekwondo tournaments.
Of the seven American respondents, 57% reported that they treated more than 15 concussions during the past year, a number that reflects the scope of their medical practices, as well as their aptitude in recognizing sportrelated concussions. Our findings among American
Response to Question American Respondents (n=7) South Korean (n=11)
Greater than 10 years with elite taekwondo tournaments 4 (57%) 1
Greater than 5 years with elite taekwondo tournaments 1 (14%) 1
Less than 1 year with elite taekwondo tournaments* 2 (29%) 6
No response 0 (0%) 3 (27%) * Indicates a standardized evaluation tool to assess various components of concussion symptoms and neurocognitive ability before and after concussion.
Evaluative Protocols/Methods
medical personnel with regard to their experiences with diagnosis and clinical management of concussions are similar to those reported by previous studies published in the United States [7, 8] . Notebaert and Guskiewicz [8] reported that less than 25% of the 927 certified athletic trainers who responded to their survey treated more than 10 concussions per year, with an average of 8.2±6.5 concussions assessed each year. Our findings, while from a much smaller sample than that obtained in Notebaert and Guskiewicz's [8] nationwide survey, indicate that medical personnel providing care at elite taekwondo tournaments in the United States assessed nearly twice as many concussions per year as did the typical certified athletic trainer in the USA. The number of concussions diagnosed per year by our American medical personnel are consistent with previously published reports of concussion incidences in taekwondo that are up to four times more frequent than in American football [1, 2] . The large difference of the number of concussions assessed by our South Korean and American medical personnel highlights the importance of ensuring medical personnel employed at elite taekwondo competitions are well trained to identify, assess, and manage sport-related concussions. This difference in the number of concussions assessed and treated per year between the two groups of medical providers may be related to the type of medical credentials and clinical training possessed by the majority of South Korean taekwondo tournament medical personnel that we surveyed, i.e., registered nurses. Unfortunately the scope of the questions contained on our survey did not allow us to solicit information that we could use to answer this question conclusively. That being said, our data strongly suggest that medical personnel who possess more extensive clinical experiences with the diagnosis and management of concussions should be recruited to provide medical care at all elite, full contact taekwondo competitions in the Republic of Korea.
conclusions
The medical personnel at elite taekwondo tournaments in South Korea and the United States who were surveyed over a 3-year period encountered substantially different numbers of concussions during tournament competition, a result that may be partially explained by differences in medical training and years of experience between the two groups. This study was the first to investigate concussion assessment and management protocols used by medical personnel at Olympic style taekwondo tournaments in South Korea and the United States. Although this study surveyed a relatively small sample of medical personnel, our results provide valuable insights into the trends of concussion management and level of medical care provided at full contact taekwondo competitions.
Future studies should endeavor to obtain data from a larger pool of tournament medical providers and sample a greater cross-section of the more than 200 member nations of the World Taekwondo Federation in order to gain a more complete understanding of the current techniques of concussion assessment and clinical management provided. In the interim, we recommend that taekwondo national governing bodies assign only medical personnel who have extensive, direct experience with the sport of taekwondo to provide medical care at national-level taekwondo tournaments. Given the heightened worldwide concern about long-term consequences for athletes who have sustained multiple concussions [13] , taekwondo national governing bodies would do well to review current concussion management and assessment protocols used by medical personnel in their countries, and identify a standard of care for concussion assessment and management that accommodates the unique physical and neurocognitive demands placed on national-level taekwondo tournament competitors. In addition, sports medicine professionals, coaches, parents and national governing bodies must work cooperatively to ensure that all taekwondo athletes who suffer concussions follow standardized guidelines for the safe return to participation and/or tournament competition.
Highlights
To our knowledge, this is the first study to survey medical personnel at taekwondo competitions concerning medical practices used to assess and manage concussions during elite tournament competitions.
